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Cerebral Spinal Fluid Drainage and Distal Aortic Perfusion Decrease the 
Incidence of Neurological Deficit: The Results of 343 Descending and 
Thoracoabdominal Aortic Aneurysm Repairs* 
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P. J. Asimacopoulos 
Department of Surgery, Baylor College of Medicine, The Methodist Hospital, Houston, Texas, U.S.A. 
Objective: We reviewed our experience of343 descending and thoracoabdominal aortic aneurysm repairs to determine 
the impact of the adjuncts distal aortic perfusion and cerebral spinal fluid drainage on neurological deficit and death. 
Materials and Methods: Between January 1991 and March 1996, 104 (30%) patients were operated for thoracoabdominal 
aortic aneurysm type L 118 (34%) ]:or type II, 68 (20%)for type III or type IV, and 53 (15%)for descending thoracic 
type. Before September 1992, simple cross-clamp was used for 94 (27%) patients. After September 1992, adjuncts were 
used for 186 (54%) patients. 
Results; Overall neurological deficit was 33/343 (10%). Neurological deficit for simple cross-clamp patients compared 
to adjunct patients was 15/94 (16%) vs. 12/186 (7%) (O.R. 0.36, p<O.01). For types I and II the incidence was 11/52 
(21%) vs. 12/141 (9%) (O.R. 0.35, p<O.02) and for type II, nine out of 22 (41%) vs. 11/85 (13%) (O.R. 0.21, p<O.O03). 
Overall 30-day mortality was 43/343 (13%), including patients presenting with rupture. Excluding these patients, overall 
30-day mortality was 33/322 (10%). 
Conclusion: Cerebral spinal fluid drainage and distal aortic perfusion decreased the incidence of neurological deficit and 
were particularly effective for patients at highest risk with type II thoracoabdominal aortic aneurysm. 
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Introduction 
Neurological complications following thoracoab- 
dominal aortic aneurysm (TAAA) repair are the most 
dreaded, and how best to maintain blood supply to the 
spinal cord has long presented the greatest challenge to 
the cardiovascular surgeon. Earliest efforts utilised 
shunts and bypasses. 1"2 By 1965, when shunts were 
abandoned, a modified method of TAAA repair be- 
came the norm. This method incorporated the in- 
clusion technique, implantation of intercostal arteries, 
and the reattachment of the small arteries to large 
grafts, the favourable results of which were reported in 
1974. 3-6 Until 1991, Crawford et al. assayed increasingly 
large series, exploring many different modes of spinal 
cord protection before finally settling on the simple 
cross-clamp technique. 
Cerebral spinal fluid drainage (CSFD) significantly 
reduced paraplegia in dogs in 1960 and again in a 
* This paper was presented at the ESVS meeting inVenice, Italy. 
t Please address all correspondence to: H. J. Sail, M.D., 6550 Fannin, 
Suite 1603, Houston, Texas 77030, U.S.A. 
clinical setting in 1988. 7,8 Distal aortic perfusion (DAP), 
both experimentally and clinically, met with varying 
degrees of success beginning in the early 1970s. 9-1~ 
Applied individually, these adjuncts improved out- 
come, but were not completely adequate. At present, 
we use the combined adjuncts of CSFD and DAP to 
combat neurological complications following TAAA 
surgery. 
Methods 
Between January 1991 and March 1996 we operated 
on 343 patients for descending and TAAA. We first 
examined the overall neurological complications of all 
patients. We then compared the overall neurological 
outcome of patients undergoing the simple cross- 
clamp technique of TAAA repair to those patients 
receiving the combined adjuncts of CSFD and DAP. 
We also compared the neurological outcome of cross- 
clamp in adjunct patients for type 1 and II TAAAs 
together and for type II TAAAs alone. The surgical 
treatment for TAAA and the adjuncts of CSFD and 
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Fig. 1. Distal aortic perfusion: blood travels from the left atrial 
appendage through the pump to the left femoral artery. Visceral 
perfusion: blood travels through an ice bath before perfusion tothe 
visceral arteries. 
Table 1. Associated diseases. 
No. of patients (%) 
Hypertension 257 (75%) 
COPD 106 (31%) 
Heart disease 102 (30%) 
Renal insufficiency 58 (17%) 
Cerebrovascular 46 (13%) 
Diabetes 31 (9%) 
Cancer 26 (8%) 
DAP have been well described previously. 14Figure 1 
shows the cannulation and route for distal aortic and 
cold visceral perfusions delivered via a BioMedicus 
pump (BioMedicus, 9600 76th St., Minneapolis, Min- 
nesota, U.S.A.). There were 217 men (63%) and 126 
women (37%). Median age was 67 years (range 8-88). 
Of the patients, 104 (30%) had type I TAAA, 118 (34%) 
type II, 68 (20%) type III or type IV, and 53 (15%) had 
aneurysms of the descending thoracic aorta. Acute 
dissection type B occurred in 21 (6%) out of all the 
patients, chronic dissection type A in 34 (10%), and 
chronic type B in 54 (15%). The associated iseases 
that occurred in 8-75% of all patients are shown in 
Table 1. Other diseases that occurred in less than 3% 
Table 2. Previous aortic surgeries. 
No. of patients (%) 
Aortic valve 30 (9%), 
Ascending 42 (12%) 
CAB ~ 33 (10%) 
Arch 40 (12%) 
Descending 13 (4%) 
AAAt 42 (12%) 
CAB = coronary artery bypass. 
~-AAA=abdominal aortic aneurysm. 
included hypercholesterolaemia, arthritis, tuber- 
culosis, asthma, and liver disease. Aetiology was me- 
dial degeneration r atherosclerosis in 95% of patients. 
Marfan syndrome was present in 9 (62) patients. At 
presentation 233 (68%) were symptomatic, and 21 (6%) 
presented with rupture. Also 200 patients (58%) had 
had previous aortic surgeries which are listed in Table 
2. Staged repair, known as the elephant runk tech- 
nique, made up 95% of the ascending and arch graft 
replacements. 
Before September 1992 the method of treatment was 
simple cross-clamp and was used for 94 patients (27%). 
After Septembe r 1992 the adjuncts of CSFD and DAP 
were applied in all but emergency cases or when there 
was difficulty in perfusion cannulation or spinal cath- 
eter insertion. Both CSFD and DAP were used for 186 
patients (54%). Either DAP or CSFD alone was used for 
46 (13%) and 17 (5%), respectively. CSFD is continuous, 
applied intraoperatively until 3-4 days postoperatively. 
If there is neurological deficit following this period the 
drainage catheter isreinserted. Median CSFD was 25 ml 
(5-80 ml) intraoperatively and 77 ml (0-698 ml) post- 
operatively. Median pump DAP flow was 2.01/min 
(range 0.5-6.521/min). Heparin was used for the last 
100 patients in this series, at a dosage of I mg/kg body 
weight. Passive or moderate hypothermia in which na- 
sopharyngeal temperature is permitted to drift down- 
ward to 32-33°C (rectal) was used in 104/186 (56%) of 
CSFD and DAP patients. Median total aortic clamp time 
was 31 rain, in a range of 12-100 rain. Visceral and renal 
ischaemic time was 21 min, in a range of 4-60 rain. Me- 
dian pump time was 51 min, in a range of 12-334 min. 
Urine clearance time (time to appearance of indigo car- 
mine in the urine) was 15 rain, in a range of 5-60 min. 
Figures 2(a) and (b) illustrate a type I TAAA and repair, 
Figs 3(a) and (b) a type II TAAA and repair, and Figs 
4(a) and (b) an aneurysm of the entire aorta and final 
repair. 
Statistical Methods 
Statistical tests for categorical variables were computed 
by contingency table using Chi-squared analysis. Stat- 
istical models of the dependence of neurological deficit 
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Fig. 2. (a) Illustration and aortogram of type I thoracoabdominal 
aortic aneurysm. (b) Graft replacement of Fig. 3a. 
Fig. 3. (a) Illustration and aortogram of type II TAAA. (b) Illustratio 
of graft replacement of Fig. 4a. 
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Fig. 5. All aneurysm types combined. Logistic regression probability 
curves describe the relationship between probability of neurological 
deficit on the y-axis, and clamp time and adjunct use on the x. Line 
A represents he probability associated with simple clamp use, line 
B that with adjunct. 
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Fig. 6. Type I and II aneurysms combined. Logistic regression 
probability curves describe the relationship between probability of 
neurological deficit on the y-axis, and clamp time and adjunct use 
on the x. Line A represents he probability associated with simple 
clamp use, line B that with adjunct. 
using multiple logistic regression analysis. Multi- 
variate odds ratio computed by logistic regression 
were converted to probabilities using the trans- 
formation P=OR/( I÷OR).  All computations were 
performed using SAS software version 6.10. 
Fig. 4. (a) Illustration of aneurysm or the entire aorta ("mega 
aorta"). (b) Illustration and magnetic resonance image of final 
graft replacement of (a). Repair was two-staged ("elephant trunk 
technique") with bypasses of the right renal rtery and L1,2. 
on aort ic cross-c lamp time, aneurysm extent and  pres-  
ence of sp inal  protect ion  adjunct  were  constructed 
Results 
Overa l l  ear ly  compl icat ions  are l isted in Table 3. Car-  
d iac compl icat ions  were  def ined by  atr ial  f ibr i l lat ion, 
ar rhythmia ,  or c i rcu latory arrest. Encepha lopathy  in- 
c luded any pat ients  suf fer ing f rom abnormal  process  
of the central  nervous  sys tem caused by  numerous  
aet io logical  factors such as metabol ic  dysfunct ion,  
renal  insuff iciency, sepsis,  or vent i la tor -dependent  
state. Most  often the condi t ion  was  reversible.  Ear ly  
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Fig. 7. Type II aneurysms. Logistic regression probability curves 
describe the relationship between probability of neurological deficit 
on the y-axis, and clamp time and adjunct use on the x. Line A 
represents he probability associated with simple clamp use, line B 
that with adjunct. 
pulmonary complications were defined by tracheo- 
stomy, intubation for 4 days or more, or reintubation. 
Acute renal failure was defined by an increase in 
serum creatinine by I mg/dl  per day for 2 consecutive 
days postoperatively. The overall incidence of neuro- 
logical deficit was 33 out of 343 patients (10%). The 
incidence of neurological complications for patients 
Tab le  3 .  Ear ly  compl i ca t ions .  
No. of patients (%) 
Pulmonary 155 (45%) 
Renal 99 (29%) 
Cardiac 75 (22%) 
Neurological deficit 33 (10%) 
Encephalopathy 25 (7%) 
Stroke 8 (2%) 
Tab le  4 .  Neuro log ica l  compl i ca t ions .  
Cross-Clamp Adjuncts 
(%) (%) O.R. p-value 
Overall 15/94 (16)  12/186 (7) 0.36 <0.01 
Types I & II 11/52 (21)  12/141 (9) 0.35 <0.02 
Type II 9/22 (41) 11/85 (13) 0.21 <0.003 
operated with simple cross-clamp and patients re- 
ceiving adjuncts is shown in Table 4, which compared 
the overall incidence, the incidence for type I and II 
TAAAs, and that for type II TAAAs. Figures 5-7 clearly 
illustrate the differences inpredicted outcome between 
cross-clamp and adjunct patients. Neurological com- 
plications occurred upon awakening in 12/15 (80%) 
cross-clamp atients, and was delayed in three out of 
© Baylor Coliege ol Medicine 1994 
Fig. 8. Crawford classification of TAAA. Type I extends from below the left subclavian Go above the coeliac axis or opposite the superior 
mesenteric and above the renal arteries. Type II extends from below the left subclavian, includes the infra-renal abdominal aorta, to the 
level of the aortic bifurcation. Type III extends from the sixth intercostal space and tapers to just above the infra-renal abdominal aorta 
to the iliac bifurcation. Type IV extends from the twelfth intercostal space and tapers to above the iliac bifurcation. 
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Fig. 9. Type II aneurysms. Data from Fig. 7 are shown superimposed 
on the results of Crawford et al. 16 Logistic regression probability 
curves describe the relationship between probability of neurological 
deficit on the y-axis, and clamp time and adjunct use on the x. As 
before, line A represents the probability associated with simple 
clamp use in the present series, line B that with adjunct in this 
series. Line C represents the Crawford data. 
15 (20%). For adjunct patients, neurological com- 
plications were divided evenly between early and late 
occurrence. The overall 30-day mortality was 43 (13%), 
including patients presenting with rupture. Excluding 
patients with rupture, overall 30-day mortality was 
33/322 (10%). 
Discussion 
Modern published reports, beginning with Crawford's 
study of 605 patients in 1986, differ greatly in their 
design and consequent results concerning TAAA re- 
pair and neurological complications. Studies vary in 
the number of patients included and also in the amount 
of patients that fall into each of Crawford's categories 
of classification; most frequently all types are included. 
Consquently, the outcome of patients at highest and at 
least risk are examined together. A definite correlation 
exists between a higher incidence of neurological com- 
plications and aneurysm extent, and precise clas- 
sification is of paramount importance if we are to 
evaluate correctly the success or failure of the adjuncts 
used to prevent neurological deficit. Combining an- 
eurysm types of predicted low incidence of neuro- 
logical complications with aneurysm types of 
predicted high incidence has frequently confused the 
issue of spinal cord protection. We believe that TAAAs 
should be defined as one of four types as defined by 
Crawford in 1986 and shown in Fig. 8.15 In addition 
to type, TAAAs should be further defined by the 
intercostal space at which they begin to the point 
above or below the renal arteries where they terminate. 
At greatest risk are patients with type II TAAAs, 
Cros~s-c(lamp 
Pressure balance 
Cross-clamp 
Fig. 10. (a) Dynamics of the aortic cross clamp: cerebral spinal fluid 
pressure increases and distal aortic pressure decreases. (b) Dynamics 
of the aortic cross clamp and adjuncts: cerebral spinal fluid pressure 
decreases and distal aortic pressure increases, thus increasing per- 
fusion pressure of the spinal cord. 
followed by type I, and types III and IV are of relatively 
low risk. 
Our series published in 1996 was limited solely to 
highest risk type I and type II TAAAs. We investigated 
the results of 94 patients who underwent TAAA repair 
with the adjuncts of CSFD and DAP and compared 
these data to those of 42 of our patients who also 
underwent type I and type II TAAA repair, but with 
simple cross-clamp and no adjuncts. Total neurological 
complications were eight out of 94 patients (9%) vs. 
eight out of 42 (19%) (p = 0.090). Since 1991 we have 
operated on a total of 343 TAAAs and, of these, 141 
patients were either type I or type II TAAA, operated 
with the adjuncts of CSFD and DAP. The outcome of 
these patients was similar to our previous tudy, with 
the incidence of neurological complications for types 
I and II remaining at 9%. Figure 9 illustrates the 
difference in neurological outcome between our 85 
type II TAAA patients operated with adjuncts and 94 
cross-clamp atients, compared to the cross-clamp 
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patients reported in Svensson's 1993 article. The in- 
cidence of neurological deficit in this paper was re- 
ported as 16% overall, 24% for types I and II, and 31% 
for type II. 16 
The rationale for combining CSFD and DAP is il- 
lustrated in Figs. 10a and b. During aortic clamp time, 
distal aortic pressure decreases markedly, causing a 
decrease in spinal artery pressure and a rise in CSF 
pressure. CSFD, used both intraoperatively and post- 
operatively, decreases cerebral spinal fluid (CSF) pres- 
sure and augments the perfusion of the spinal 
cord.  7'17 Left atrial to left femoral bypass, or DAP, 
increases distal aortic pressure, leading to an increase 
in the spinal artery pressure, thus increasing perfusion 
pressure of the spinal cord. Implementing these two 
modalities had a great salutary effect on protection of 
the spinal cord and reduced the incidence of neuro- 
logical complications. 
Conclusion 
Cerebral spinal fluid drainage and distal aortic per- 
fusion decrease the incidence of neurological deficit 
and are particularly effective for those patients at 
highest risk with type II thoracoabdominal aortic an- 
eurysm. In addition, we believe that moderate hypo- 
thermia further extends the tolerance of the spinal 
cord to ischaemia and should be studied at length 
in the future. However, neurological complications, 
although diminished, continue to pose a great risk to 
the patient. Ongoing research is critical for continued 
improvement that will be best communicated by clear 
data and a universal system of aneurysm classification. 
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